addressed the influence of psychological variables on the development of multisite pain.
In the present study, measures of pain catastrophizing, fear of pain and depression were administered in healthy young adults while they were in a pain-free state. Musculoskeletal pain was then induced by means of a delayed-onset muscle soreness (DOMS) protocol 1, 8 . DOMS is characterized by soreness, swelling, stiffness and strength loss in the 24-to 48-hour period following a strenuous bout of exercise 1, 63 . The muscle soreness that develops following strenuous exercise is the result of structural damage to the involved muscles, triggering a localized inflammatory response which produces pain upon movement or tactile stimulation 65 .
DOMS has been associated with a number of pain-related changes, such as allodynia 13 , referred pain 26 and temporal summation 49 similar to those observed in clinical pain conditions. Given the similarities in symptoms and pathophysiology, several investigators have used DOMS as an experimental analog for musculoskeletal injury 24, 43, 62 .
The day following the DOMS protocol, participants returned to the laboratory and were asked to complete a body drawing to indicate the distribution of their pain symptoms. For the purposes of this study, multisite pain was operationalized as the number of body sites where participants reported experiencing pain. It was hypothesized that pain-related psychological variables would prospectively predict multisite pain following the DOMS protocol.
Demonstrating a prospective relation between psychological variables and multisite pain would have important clinical and theoretical implications. From a clinical perspective, knowing that certain psychological factors represent heightened risk for multisite pain could permit early identification of high-risk individuals and might also provide the empirical foundation for the development of new avenues of intervention that might prevent the development or reduce the severity of multisite pain. From a theoretical perspective, findings linking psychological variables to the development of multisite pain would bring greater precision to conceptual models that address the mechanisms underlying the development of multisite pain 31, 53 .
Methods

Participants
The study sample consisted of 119 healthy undergraduate students (63 females, 56 males). Participants were recruited through advertisements placed in the classifieds section of the McGill University website. The mean age of the sample was 22.3 years, with a range of 18 -52 years. A standardized telephone interview was used to screen participants for the exclusion criteria. Individuals were not considered for participation if (1) they had a medical condition that could be aggravated by participation in the study, (2) suffered from a chronic pain condition, (3) were currently experiencing joint or muscle problems, or (4) had engaged in resistance training of upper body or trunk muscles more than once per week in the 6 months prior to participation.
Measures
Contraindications to physical activity. The Physical Activity Readiness
Questionnaire (PAR-Q) was used as a screening measure for potential contraindications to participation in the DOMS-induction procedure. The PAR-Q Psychology of multisite pain 7 screens for the presence of factors that are linked to increased health risk when engaging in strenuous activity (e.g. shortness of breath, muscle or joint problems, fainting, circulatory problems). Participants endorsing any item on the PAR-Q were excluded 61 .
Depression. The Patient Health Questionnaire -9 (PHQ-9) was used to assess the severity of depressive symptoms. On this scale, respondents indicate how often they have been troubled by each of nine symptoms of depression during the last two weeks 52 . A number of studies have supported the reliability and validity of the PHQ-9 as a measure of depressive symptom severity 27, 36, 41 .
Pain Catastrophizing. The Pain Catastrophizing Scale (PCS) was used to measure catastrophic thinking related to pain. Participants indicated the frequency with which they experienced each of 13 different thoughts and feelings when in pain.
Ratings were made on a five-point scale with the endpoints '0' (not at all) and '4' (all the time). Research has supported the reliability and validity of the PCS 35, 56 . The Fear of Pain Questionnaire-III-Short Form (FOP-III-SF) was used to assess pain-related fears. The FOP-III-SF is a 20-item self-report instrument describing different painful situations. Respondents are asked to rate how fearful they are of experiencing the pain associated with each situation described in the item content. Fear intensity ratings are made on a 5-point scale with the endpoints '1' (not at all) and '5' (extreme Pain Intensity. Participants were asked to rate the intensity of their pain experience in response to lifting a 2.9 kg weighted canister. The soreness associated with DOMS is most intense when affected muscles are recruited for a physical task 13 . Ratings were made on an 11-point numerical rating scale (NRS) with the endpoints '0' (no pain) and '10' (excruciating pain).
Fear of pain.
DOMS protocol.
The procedure used to induce DOMS consisted of four different strength exercises (i.e. chest press, lateral pull downs, shoulder flexion, and shoulder abduction) involving repeated eccentric muscle actions. The DOMS protocol was modeled after a procedure described by Udermann and colleagues 63 .
The exercise protocol was performed using the K1 Strength Training System (Body Craft, Sunbury, OH, USA). All exercises were performed in sets of five repetitions.
To ensure appropriate resistance, participants completed each eccentric contraction in time to a 10 second countdown. Participants were asked to complete the first set of repetitions without any additional weight to become familiarized with the testing apparatus. The weight was increased in steps of ten pounds until participants reached the point of volitional fatigue or completed ten sets 64 . Volitional fatigue was defined as the point at which the participant could no longer control the descent of the weight 28 . For each participant the relative intensity of the final set of repetitions was 80% of the estimated repetition max, which is defined as the amount of weight a person could only lift one time 54 .
Participants were asked to perform the eccentric contractions with maximal effort and were given verbal encouragement during the contraction. A one-minute recovery period was provided between each set. Breaks of two minutes between exercises were implemented to avoid muscle fatigue. To ensure performance of resisted eccentric contractions only, the experimenter moved the load for the participants on the return from full flexion. The emphasis on the eccentric portion of the strength exercise is known to induce DOMS 7 . During an eccentric contraction (lengthening contraction), the muscle elongates while under tension due to an opposing force, which causes microtrauma to the muscle fibers.
To induce DOMS in the pectoralis major and serratus anterior muscles a chest press was used. This exercise involves lying faceup on a horizontal bench, with were asked to complete the PCS, FOP-III-SF, and PHQ-9. The height of the table on which the weighted canisters were placed was adjusted such that the handle of the canister was at standing elbow height.
To obtain baseline measures of pain, participants were asked to provide a verbal rating of their pain as they lifted a 2.9 kg weighted canister with their dominant arm fully extended for 5 seconds. Participants also completed the body drawing immediately after replacing the canister on the table in order to obtain a baseline measure of the distribution of pain symptoms. The DOMS protocol was then completed.
The second testing session occurred 24 hours (±3 hours) following the first testing session. During the second testing session, the height of the table was adjusted as in session 1, and participants were asked to lift a 2.9 kg weighted canister with their dominant arm fully extended for 5 seconds, and provide a verbal rating of the intensity of their pain. Immediately after replacing the weighted canister on the table, participants again completed the body drawing. Finally, participants were debriefed.
Statistical Approach
Descriptive statistics were computed on sample characteristics and questionnaire scores. Correlational analyses were conducted to examine the bivariate relationships among the predictor and outcome variables. T-tests for independent samples were used to examine sex differences on demographic and dependent measures. Hierarchical linear regression analyses were conducted to assess the value of pain catastrophizing, fear of pain, and depression in predicting the experience of multisite pain following DOMS-induction. Initial scores on pain intensity, multisite pain, as well as sex and age were used as covariates. Diagnostic tests of tolerance and variance inflation revealed all of the measures fell within acceptable ranges of collinearity (Variance Inflation Factors < 2). 
Results
Sample Characteristics
Pain Intensity and Multisite Pain
Pain intensity ratings and multisite pain scores are presented in Table 2 . A two-way (Sex X Session) ANOVA on pain ratings revealed significant main effects for Sex, F (1, 117) = 15.74, p < 0.01, and Session, F (1, 117) = 173.97, p < 0.01, and a significant Sex X Session interaction, F (1, 117) = 11.55, p < 0.01. Tests of simple effects revealed that while DOMS was effective in increasing pain for both men and women, the magnitude of increase in pain was greater for women than for men. The majority of participants would be considered to be experiencing mild to moderate pain at Session 2. The pain intensity ratings provided by participants at Session 2 are comparable to pain intensity ratings reported in previous research using DOMS protocols in non-clinical samples 12 13 . 
Correlates of Pain Intensity and Multisite Pain
The Role of Pain-Related Psychological Variables in the Prediction of Multisite Pain
A hierarchical regression analysis was conducted to examine the shared and unique contributions of pain catastrophizing, fear of pain, and depression to the prediction of multisite pain after DOMS-induction. In the analysis, Session 1 pain intensity and multisite pain were entered in the first step, age and sex were entered in the second step, and height and weight were entered in the third step of the analysis.
In the fourth step of the analysis, pain catastrophizing and fear of pain were entered.
Depression was not included in the analysis since the partial correlation between the PHQ-9 and multisite pain was not significant.
As shown in Table 4 It is possible that fear of pain might lead to muscle activation alterations that in turn lead to the spreading of pain 22, 42, 48 . Protective movement alterations potentiated by fear might cause sustained activations of muscles, producing intramuscular ischemic reactions that might directly or indirectly increase peripheral pain afferent activity 30 .
In recent research, the 'generalization' of fear of pain has been suggested as a mechanism by which fear might contribute to the spreading of pain 15, 45, 46 .
Generalization of fear of pain occurs when the expectation of a painful sensation is associated with a stimulus that resembles, but is not identical to, the original stimulus 15 . Generalization of fear of pain is believed to be associated with increased and sustained vigilance for pain, as a result of deficient safety learning 14, 40 . Increased vigilance to pain might cause ambiguous stimuli to be more readily interpreted as painful, leading to the experience of pain in multiple sites.
Previous research has suggested an association between symptoms of depression and multisite pain 16, 32, 69 . The current study failed to reproduce this association. Failure to reproduce the association between depression and the number of pain sites might stem from the nature of the study sample. The present study used healthy university students where the majority of participants obtained scores in the Psychology of multisite pain 18 non-depressed range. Levels of depression in the current sample might have been too low to have an influence on the number of pain sites.
Analyses revealed that sex was a unique predictor of the number of pain sites.
This finding is consistent with previous clinical research showing that a disproportionate number of women experience pain in multiple sites 21, 25 . Hormonal differences and the related effects of these hormones on neurotransmitter and endogenous opioid systems have been proposed as mechanisms to account for sex differences in pain experience 21 . It is important to note however, that with respect to the results of the present study, it is not possible to rule out the possibility that women 
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Caution must be used when interpreting the study findings. To maximize homogeneity of the study sample, a number of exclusion criteria were used.
Consequently, the exclusion criteria that were employed in the current study limit the generalizability of findings. In addition, healthy undergraduates differ from individuals with clinical multisite pain conditions on a number of demographic (e.g., age, education) and health status variables (e.g., co-morbidities). These factors invite prudence in generalizing the present study to patients suffering from multisite pain.
Furthermore, while exercise-induced DOMS is a useful technique to mimic musculoskeletal pain conditions, it lacks the affective and traumatic components of musculoskeletal injuries that might occur as a result of work injury or motor vehicle accidents. The results of the present study might not be generalizable to multisite pain conditions that arise in the absence of injury such as chronic widespread pain or arthritis. While the latter conditions include the presence of multiple pain sites, they are also associated with onset conditions, developmental processes, pathophysiology and symptom profiles that differ from those generated by DOMS protocols 20, 68 .
It is also important to consider the present findings in the context of some Note: N = 119. PCS = Pain Catastrophizing Scale; FOP-III-SF = Fear of Pain Questionnaire -III -Short Form; PHQ-9 = Patient Health Questionnaire -9; For correlations with Pain Intensity S2, Pain Intensity S1 was controlled; for correlations with Multisite Pain S2, Multisite Pain S1 was controlled. * p < .05, ** p < .01. Step 1 0.04 2.20 (2, 116) .11
Pain Intensity S1 -0.19
Multisite pain S1 0.22
Step 
